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Why a Workshop on Diffusion?

» Consensus of NIST Workshop held March 21-
22, 2002 Computational Thermodynamics and
Diffusion Modeling- Promotes continuing interest
In thermodynamic databases

» Metallurgy Division participation in
DARPA/AIM/GE program on Turbine Disks

* NIST interest in Combinatorial (High
Thoughput) Measurement Methods

 Existence of legacy Diffusion in Metals Data
base at NIST ( J. R. Manning)




Goals

Improve communication between experts in multicomponent
diffusion measurement, analysis and simulation.

Establish the most efficient method for extracting diffusion data
(diffusion coefficients, fluxes, marker location) from
multicomponent diffusion couple experiments.

Provide a forum to solve common diffusion software execution
problems.

Agree on a common diffusion mobility data base assessment
procedure.

Establish a general approach to data handling and diffusion
modeling in ordered phases.

Develop standard problems and web site for inter-laboratory
comparison of diffusion simulation methods and data
NIST BUEERElle[ES



Agenda

(Coffee and bagels)
items from last workshop

icients in non-dilute multi-component solids

first principles (v en)

st-principles Calculations of Diffusion Coefficients and Migration
ropy (Liu)

5-12:00 Dislocation diffusion in metals (Mishin)

12:00-1:00 Lunch



Agenda

iffusion-induced transformations in Ni superalloys (Mirsa)

dent Ternary Interdiffusion Coefficients in Ni;Al
ing additions (Sohn)

cts of solute co
th-Morrison)

s on kinetic pathways in Ni-Al-Cr alloys

inetic pathway of coarseningj morphology in a Ni-Al-Cr alloy by
Inetic Monte Carlo simulation (Mao)

Diffusion mobilities in the L12 and B2 phases (Campbell)
'4:15 Modeling of oxidation and diffusion in oxides (Agren)

5:45 Dinner



- Agenda

bed at Union College (Lupulescu)

Kinetics of Intermetallic Phases in U- Mo
550 C and 600 C (Sohn)

‘Composition-Depender
loy Diffusion Couples Anneg

gle Phase Layer Formation at the Initial Interface of Ternary Diffusion

:30-12:00 Diééussion

Lunch/Adjourn
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rther testing and refinement of database using GE

Diffusion Couple Data

NIS.

Binary Couples
®  Single phase couples
at 1100 C for 1000 h : Ni/Co
Multiphase couples

at 1100 Cfor 1000 h: Co/Cr, Co/Mo, Co/Nb, Co/W, Cr/Ta, Cr/W, Cr/Mo, Ni/W,
Ni/Ta, Ni/Mo, Ni/NiAl(1150 C)

at 850 C for 4000 h: Ni/W, Co/Fe, Cr/Mo, Cr/Co, Mo/Fe
at 700 C for 4000 h: Fe/Co, Mo/Cr
Multicomponent Couples
Single Phase y
at 1150 C for 1000 h: René88 /IN718 and Ni/René88

y / y+y ory+y / y+y at 1150 C for 1000 h

René-95/ René-88 ME3/IN718 IN100/ME3
U720/IN718 IN100/ René-88 René-95/U720
IN718/IN100 U720/ME3 René-95/IN718
ME3/ René-95 ME3/ René-88 IN100/U720

v/ B2 or y+y" /B2
at 1150 C for 1000 h: NiAl/ René-88, NiAl/Ta
at 850 C for 4000 h: NiAl/ René-88, NiAl/Ta
TCP Couples: (Rene88-X)
at 1150 C for 1000 h: X=Ta, W
at 850 C for 4000 h: X=Ta, W, Co, Cr, Fe, Mo, Ni, Ti
at 700 C for 4000 h: X=Co, Cr, Fe, Mo



es from UCF and RPI

eralloy (UCF)

IN939/NIAl
Vaspalloy/NiAl

A]-Single Phase BCC (RPI)
2/X3: Fe-18.5Cr-2.5Al1/Fe-15.8Cr-35.7Al (at.%)
X10: Fe-18.8Cr-25.8Al/Fe-20.6Cr-9.51Al (at.%)
4 /X6: Fe-5.7Cr-28.1A1/Fe-30.5Cr-18.7Al (at. %)




NIST participation in GE-AIM (DARPA) Program
v' Precipitation Model

Experimental diffusion data
(Binary data) Diffusion Mobili
= v

J.C. Zhao, GE-CRD Database
NIST Diffusion Data Center NIST \

Multicomponent diffusion Thermodynamic — Models for
data Databases -y' preC|p|tat|on~ mechanical
B. Mueller, Howmet Thermotech, Questek, GE properties
J-C. Zhao, GE-CRD UW. NIST \GE y

Lattice parameters
Questek

NIST also providing guidance on vy’
precipitation modeling, simple

coding for thermodynamic calculations,
modeling interfacial energies.

Linear cooling rate 0.2 C/s




Multicomponent Mobility Database for FCC phase of Superalloys
Campbell, Boettinger & Kattner, Acta Mat.50 (2002) 775-792.

René-N4 (x10-14 m2/s) Ni = solvent

Al Co Cr Mo Nb Ta Ti w Reduced (n-1)Diffusion
Al +119.5 +13.93 +3483 +34.34 +42.43 +51.50 +49.51 +53.22 Matrix at 1293 C
Co -11.37 +17.00 -825 -567 -555 -183 -7.10 -—-9.69
Cr -426 -537 +13.67 -321 +893 +991 +825 +249

Mo -833 -0.280 -0426 +757 -055 -036 -0.17 -0.45
Nb +031 +025 +0.66 +0.27 +2405 +0.74 +0.85 +0.31
Ta -068 +033 +053 +024 +026 +0.76 +050 +0.23
Ti +1.63 +135 +494 +494 +6.25 +6.57 +23.62 +541
W -181 -062 -055 -060 -122 -083 -0.70 +3.40

René-N5 (x1014 m?/s)

Al Co Cr Hf Mo Re Ta W
Al +93.16 +13.92 +3346 -6.51 +33.42 +48.63 +50.87
Co -651 +2722 -856 -27.64 -4.95 +3.87 -9.21
Cr +415 -423 +21.02 -6.25 -0.22 +13.81 +6.89

Hf 0.86 +0.07 +1.70 +262.1 +1.52 +2.37 +1.84
Mo -035 -030 -030 -1905 +7.71 -0.13 -0.19
Re -075 -032 -036 -259 -0.25 -051 -0.32
Ta -0.03 +033 +098 -417 +0.64 +7.75 +0.87
Ww -118 -057 -054 -451 -0.39 -0.76  +0.59




Rene-88/IN-100; 1000 h at 1150 °C

Initial Interface

T=1150°C
t=1000 h
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Experimental data from J-C. Zhao, GE Global Research




Rene-88/IN-100; 1000 h at 1150 C

Initial Interface
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IN-718/IN-100; 1000 It at 1150 °C

T=1150°C
t=1000h

T=1150°C
t=1000 h

Phase Fraction MC carbide

Phase Fraction (Gamma Prime)
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IN=718/IN-100; 1000 h at 1150 "C

T T T
T=1150°C
t=1000h -
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Diffusion Database Center

C E. Campbell, U.R. Kattner, C. Beauchamp, K. Dotterer, H. Gates, S. Tobery

* : To make the NIST paper-based diffusion database center

publicly available.
Convert to a searchable electronic form to be access over the internet
Motivation

Industrial and academic support: GE $5K initiation

Center represents an unigue collection summarizing the diffusion work
between 1965-1980

Reference ID: Data Entry Notes

Need to enter bibliographic and diffusion system S

cards ——
Convert paper documents to electronic o s et
Article Title:  Cobalt Self-Diffusion: A Study of the Method of Decrease in
dOCU mentS Surface Activity
Develop searchable database s

Co-Authors: Birchenall,C.E.

Reference Title: Journal of Metals

If available: Editors

Developed database entry strategy R ——

. . . o1 ’ 142 146 1951
Entered 14000 bibliographic and system cards
Database available online




Diffus

LI DIDE] |

ion Database Center
( eauchamp

: To make the
NIST paper-based
diffusion database
center publicly

available.

Can search by
author or diffusion
element

Current tasks:
* Testing implementation

« Scanning unpublished reports

Materials Science and Engineering Laboratory

Metallurgy Division

Home Mission Research Programs Publications Personnel

20 record(s) found with manning as Author

Document Title

Determination of the Diffusion Coefficient of MNickel (IT) in
Molten Lif-BeF{_2}-ZrF{_4} by Linear Sweep
Voltammetry and Chronopotentiometry

Correlation effects and activation energies for diffusion in
alloys

Diffusion in a Chemical Concentration Gradient

Diffusion and the Kirkendall Shift in Binary Alloys

Drift Mobility and Diffusion for Impurities in Ionic Crystals

15 0544 Cross Terms in the Thermodynamic Diffusion
Equations for Multicomponent Alloys

Correlation Factors for Diffusion of Dilute Impurities

Tracer Diffusion in a Chemical Concentration Gradient in
Silver-Cadmium

Correlation factors for non-dilute alloys

Transport Properties in Fluids.

NIST

National Institute of
Standards and Technology

Contact Search

Medium Title

High Temp. Sci.

Z. Naturforschg, &

Phys. Rev.
Acta Met.

Phys. Rev.

Met. Trans.

American Physical Society,
Subject Index Number
434 (1971) 1 pp.

Phys. Rev.

Phys. Rev. B

Proc. Appl Space Flight &
Mat. Sci. Tech.






